Drought has become major environmental constraint to the crops productivity and the sustainability of agriculture. Recently, using biochar (BC) as a soil conditioner has aroused much interest and proved to be an effective tool for improving soil properties and crops growth and yield. Therefore, a pot trial was conducted using wheat plant (Triticum aestivum L.) with three water regimes (60, 30 and 15% of water holding capacity(WHC)) and three rates of biochar (0, 2%, and 5%) to investigate the impact of biochar on growth and yield components. The results showed that WHC enhanced in the presence of BC leading to improving the availability of water to wheat plants grown in BC-treated soil. Plants grown in BC-amended soil had higher growth and plant biomass, net assimilation rates than those in un-amended soil. Biochar addition positively affected wheat growth parameters including increases in leaf area, number of leaves per plant, tillers number per plant, height of plant as well as shoot to root fresh weight ratio. Particularly interesting is the improvements in yield attributes. These results led us to conclude that the application of black carbon would enhance the growth and yield of crops under insufficient water supply. On other hand, biochar can be considered an effective tool for sustainable agriculture and hence mitigating the injurious effects of drought conditions on plants.
INTRODUCTION
Excessive concerns about Global warming as it triggers more extreme events, such as heat and drought stress which threaten the growth and yield of crops (Zinta et al 2014). Drought is considered to be one of the hazardous disasters in the world which affected negatively on crops productivity and caused considerable economic losses ( Wheat (Triticum aestivum L.) is widely cultivated cereal crop ranked after maize and rice. Annually, the world wheat production is around 650 million tons (FAO, 2012). However, approximately 70% of the cultivated area is situated in areas classified as arid and semi-arid and exposed to drought stress (Zhang and Zheng 2011). So, about 50-90% of Wheat productivity decreased affected by water deficit and around 600,000 km 2 in developing world (Skovmand et al 2001) .
Direct incorporation of carbon in stable forms to soils has been considered an interesting option to sequester carbon in soils. The positivity effect of soil organic carbon (SOC) for sustainable agriculture is related to enhanced soil structure, higher retention of nutrients and water, a good habitat for soil organisms (Lal 2009 and Lorenz et al 2007) .
In recent years, a new green biofuel produced from the in-complete combustion of biomass called biochar has been increasingly discussed as an alternative to organic amendments for sequester- Biochar applications is attracting great interest as a strategy proposed for both improving crop productivity and mitigating global warming which can persist in the soil from 1000 to 10,000 years In our work, we hypothesize that using biochar as a soil amendment will improve plant performance under adequate and insufficient water supply resulting in higher growth and yield of wheat plants. It was also desired to elucidate that the ability of biochar to enhance plant performance as it will not only mitigate soil fertility but also improve soil water retention leading to ameliorate of plant water statue. Also, Long-term studies are needed to understand biochar's effect on plant physiology and the mechanisms using biochar can be applied in a wide range of agricultural conditions for improving crop production.
MATERIALS AND METHODS
The present study was carried out at the greenhouse of the Agricultural Botany Department, Faculty of Agriculture, Ain Shams University, Qalyubia Governorate, Egypt (30° 06′ 42″ N 31° 14′46″ E). Pot experiments (two successive agricultural seasons) were conducted during 2014 and 2015 to investigate the influence of different biochar (locally-produced) soil application rates (0, 2 and 5%) on the growth, development and productivity of wheat plants under different water regimes (60, 30 and 15% WHC).
Biochar preparation and soil mixtures
Biochar used in the present study was produced using a locally manufactured pyrolytic equipment based on the Anila Stove design (Iliffe 2009). Feedstock used for biochar production was different biomass that commonly found in agricultural west of the Faculty of Agriculture. Biochar was generated through a slow pyrolysis process at a relatively range temperature between 350 and 550°C.
Experimental setup
During the preparation of soil mixtures, nitrogen (NH4NO3) phosphorus (P2O5) and potassium (K2SO4) were added to the soil according to the recommendation of (El-Fouly et al 2011). The substrate mixtures were then backed in black plastic pots (30 cm inner diameter and 40 cm height, with 5 drainage holes at the bottom), 10 Kg each pot. Accordingly, there were three groups of biochar treatments (0, 2 and 5% BC), each of 30 experimental pots.
Wheat (Triticum aestivum) grains of the cultivar Giza 168, known for its drought resistance under Egyptian conditions, was kindly provided by the Agriculture Research Center (ARC), Cairo, Egypt. The pots were kept in an open field greenhouse (wire house) under ambient conditions with temperatures of 20±3 ºC daytime and 14±3.5 ºC night time and a photoperiod of 10/14 h. The relative humidity was in the range of 60-70%, while the photosynthetic photon flux density ranged between 1500 and 2000 µmol m -2 s -1 . The plants were then manually regularly irrigated with nutrient solution modified Hoagland and Arnon (1950) and the water content of the soil was maintained at 60 -70 % of the soil water holding capacity. Drought stress treatment was initiated on 12 December by withholding watering to reach a soil water holding capacity of 60-70% for the first group (Ctr.), 30-40% for the second group (moderate drought; MD), and to 15-20% for the third group (severe drought; SD). For severe drought (SD) treatment, water supply was reduced until temporary wilting symptoms became visible on the plants. For all water treatments, soil moisture was maintained by daily adjustment using a digital balance to the desired target weight.
Harvest procedure and agronomic traits
For the vegetative samples, plants of three randomly selected pots (replicates) from each treatment were individually harvested and immediately divided into roots (R), stem (S) and leaves (L), after measuring their heights (Ph). Thereafter, the fresh weight of all plant organs was captured. The number of tillers, and leaves per plant and leaf area cm 2 per leaf were also determined. Additionally, the ratio between shoot and root fresh weight was calculated.
Biochar as a strategy to enhance growth and yield of wheat plant exposed to drought conditions
Representative samples (approx. 2-3 g) of all plant organs were also dried at 70 °C in forced air driven oven for 72 h or until constant weight was reached.
For plants grown to maturity (yield samples), the spikes of each experimental pot (three replicates each treatment) were gently separated from the stems. The number, length and weight of spikes per plant were recorded, and the wheat grains were separated from the spikes by hand. The grains yield per plant as well as the weight of 100 grain was also determined.
Statistical analysis
Data sets of each growing seasons were separately statistically analyzed by one-way analysis of variance (ANOVA) using SPSS for Windows statistical data analysis package (SPSS Inc., 2002, release 16, Chicago, IL, USA). The differences between means (P≤0.05) were determined by Duncan's multiple range tests.
RESULTS
Both drought stress and biochar applications significantly altered wheat growth and development (in terms of biomass accumulation).
Biochar soil amendment treatments significantly (P≤0.05) increased the plant fresh weight in a dose-additive pattern (Fig. 1) . Under adequate irrigation, plant biomass was enhanced by about 183% and 100% for plants treated with 2% and 5% BC, respectively, compared untreated controls (Fig. 1) . The same trend was also observed for plants exposed to moderate drought stress conditions, where BC applications at 2% and 5% led to increase of plant biomass by 4.0 and 2.2 folds, respectively, in compared to the respective controls (Fig. 1) .
However, this growth promoting effect was less obvious under severe drought stress, as BC applied at 2% and 5% resulted in increase of plant biomass reached to 80.4% and 58.4%, respectively, compared to un-amended controls by biochar (Fig. 1.) .
Data presented in Table ( 2) clearly show that both drought stress and biochar treatments significantly altered all yield components. Compared with the corresponding controls, BC applied at 2% and 5% caused significant (P≤0.05) increases in spikes number per plant (SNPP), spike length (SL), average spike weight (ASW) and thus the 100 grain weight under both well-watered and water deficit treatments. Values are the mean of three replicates ± SD. Significant differences (P≤0.05) between drought treatments (within one biochar treatment) are indicated by different letters, while significant differences between the biochar treatments (within one drought treatment) are indicated by asterisk. Values are the mean of three replicates±SD. Significant differences (P≤0.05) between drought treatments (within one biochar treatment) are indicated by different letters, while significant differences between the biochar treatments (within one drought treatment) are indicated by asterisk.
Overall, the BC applied either at 2% or 5% had improved grains yield per plant (GYPP), regardless of water treatments. Under adequate irrigation, GYPP was increase by about 137.0% and 107.1% in plants amended with biochar at 2% and 5%, respectively, as compared to non BC treatment (Fig. 2) .The interactive effect of drought and BC treatments was highly significant, as BC applications at 2 and 5% increased the GYPP around 317.1% and 308.5%, respectively, for plants exposed to moderate water stress. Under severe drought stress conditions, BC treatments at 2 and 5% raised by 6.7 and 1.6 folds increases in the GYPP, respectively, relative to the respective controls (Fig. 2) . Fig. 2 . Influence of different soil water content (WHC) on grain yield per plant at various levels of biochar (BC) soil applications. Each columns represents the mean of three replicates ± SD. Significant differences (P ≤ 0.05) between drought treatments (within one biochar treatment) are indicated by different letters, while significant differences between the biochar treatments (within one drought treatment) are indicated by asterisk.
DISCUSSION
Drought stress is the most important abiotic factor limiting growth and yield. Drought stress conditions reduced nutrients availability and nutrients uptake by the roots as a result of the reduction of nutrients diffusion rate from the soil to roots surfaces. Decreasing nutrients absorption is considered the most important limiting factors to plant growth, development and lead to dramatic annual yield losses in different crops ( Vegetative growth such as tillers number, flag leaf area, leaf area/plant, number of leaves/plant, height of plant, shoots dry weight/plant, and roots dry weight/plant was negatively impacted by insufficient water supply treatments as compared with ordinary water supply. Drought stress led to losses in water content of plant tissues causing reduction in turgor pressure of cells thereby cell division and enlargement were inhibited. Therefore, water stress is considered to be constrain to elongation of internode as well leaf expansion causing significantly reduction of plant growth and the accumulated dry mass and hence decreasing in plant productivity (Alia et al 2007 and Maria et al 2008) .
Dramatic yield losses in crops exposed to drought stress conditions through its different growth stages. Expose plants to lower water supply during the period from the seedling to maturity impacted negatively on all yield components, especially fertile ears number per unit area and head grains number reduced by 60% and 48%, respectively (Giunta et al 1993) .
Richards et al (2001) drought stress decreased the number and weight of grains due to disrupted flowing photosynthesis products and transfer from source (leaves) to sink (grains). Also, water deficit stress cause pollen sterility, grains loss and accumulation of abscisic acid in spikes (Ji et al 2010).
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Adding biochar to soils can play important roles to improve the physical, chemical, biological characteristics of the cultivated soils, which had positively reflex on enhancing the growth, development and productivity of various plants. Of which, water holding capacity (WHC), soil fertility (SF) and Carbon reservation benefit to produce increase crop yields ( As well, improving soil fertility by biochar applications comes through its direct and indirect effects. The direct effect is due to the nutrients presented on surfaces of BC particles in mineral forms. In addition, BC improved the physical properties of the soil especially the soil water holding capacity and reduced soil compaction whereas those favorable changes leading to improving root proliferation and promoting crop growth and development. As well, BC plays an important role on nutrients availability for plants and looks like matrix of ion exchange catching higher amount of cations 
CONCLUSION
Drought negatively influenced growth and development of wheat leading to consequently decrease the grain yield. Using biochar (BC) as a soil conditioner recently proved to be an effective tool for improving soil properties and crops growth and finally enhanced yield of crops. our results confirmed that biochar applications improved wheat growth and thus yield and these improvements may be explained by via several mechanisms: (a) a better water holding capacity (WHC) caused by the porous of BC and the increased root biomass led to enhance the plant water status (b) both of charged surfaces of BC particles and also the porosity of BC were responsible for the higher nutrient retention of amended-soil and subsequently more availability of nutrients to biochar treated plants than non-treated ones (c) finally, the enhanced water statue and nutrients availability resulted in higher shoot system and consequently larger photosynthetic net assimilation leading to increased wheat yield . Therefore, it can be claimed that biochar incorporation into soils is a novel approach for improving plant growth and increasing crop productivity under critical drought stress conditions. Future work is anticipated on the stability of biochar in the soils and its impact on plant physiology under stress conditions. 
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